
IICFILE cOppr.

Reprinted timn Tb. J..,,.ial of Physieal Chemistry, .111816tZ1436.
CopyrighC 4D19111 by the Asemieam Chemuleatl Society &Md reprinted by poirmluulon of the copyright owner.

DTIC
AD-A 193 951 SELECTED

~~~~SUI~~~~IIP 2Sd 51 2-mnpildls -nn-6fteymdh n h

Deparrtn" of Chensstry. Unsiiftty of New Oreans New Wreans, Louisian 7014M

ami Webid &. mowe

i~~echanics Divigi. Offic of Nal Reseairch. 01linton. Mirginia 222!? (Received June 5. 1987.

In Finad Fern, October 2. 198 7p

4"( order to better understand why the formation. of sulffimine intermediates facilitates the oxida o some aminoatines.
we have carried out a conputional analysis of 2.aninopyimidine (11) and S.S.limthyl-N-IZ *midinyl)sulfihiminc (M)I .
We also ivesupted a systemfor wh"c the procedure (sab: 2.amnwS.ntropyrimdine (VI) and piscorresponding sulfilimine

* ~(VII). An ab mnijo SCF approach (oALSSAN s2) was used to compute the optimized struCtua~ and electrostatic potentials
of these molcues We found that the most negative regions in the sulliminine Intermediates as ~~las in the original aminoazines
are associated with one or both of the ring nitrogen. rather than the exoccli one that 'a to oxidized. An important new

feature in the caue of IIl Is the development of extensive negative potentials above and the ring plane, w~hich make
this site is signifcantly Steater in Ill than in It. The presenceP of the electron-withdrawinit 4E in VI preven t the develpmnt
of extensive. relatively strongl neatirve regions above and below the ring accordingly there does not occur, in VII1. an analogous
increase in electrophbilic accessibility to the exocyclic nitrogen. Q K. ) N' X-%'-4

hueedee~h.While there has been some controversy as to whether the sulfi-
The reactions with electrophtiles of an exocyclic -NH1 Sfu Umnew N-S linkage as bass described by a semipolar representation.

on an SAoazine are impede by the tendenc ofth --s ,icroi as in 1. or as a double bond,4 it seems reasonable to anticipate
go pedereatiafily interac with the rins nitrogen(s).'j Tisec that t negative chsiicter of the nitrogten is consideraibly enhanced
etirdingtly represenits a signficant obstacle to the peroxy acid relative to the original amine.
oxidation of suchaInss t h orsodn eii It was indeed found that several different aminoazines. upon
a prno m that is isiterpreted as involing an ectrophilic inter- conversioni to sailfilimnines. could be oxidized to the nitrosio com-

114:1100.2pounds (which are sometimes unstable) and then undergo f'urther
It was suggested that. by making; the exocychic nitrogten so( eransfrmations, includingt a second oxidation step to the corre-

flieuwly negaie this olsacle could be orme I h 11w -11I spondins nito derivative.) The process, as depicted (or 2-
ehsmeb Aw u soft Mi yposisis wa Isued on an WW wivrs ammoyrmidine (11), is shown in reaction I! 2-Nitropyrimidine
of teaitI pita uflin.(V) was obtained in 33% yield (relative toIll1). using ozone fr

the ~ ~ ~ ~ ~ ~ ~ ~ h amn gru Int a sAfhmn:tescn oxidation.
-R 2 CHO P-*WS) In the work that is being rieported. we have examined in detail

-NH2  -N-(C~hthe effects of sufilimine formation upon the exocyclic and the
I ~~ringniltrogen. so astioachieva better understanding of how this

facilitates the oxidation of the former. We have asho investigated
111 1Taeu. L C. Ahemtie of IterdcC'heist'y. Amoruam Chin-

les S 1 -1: Wsbp. DC. I94
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a cane in which this procedure does not work'5 reaction 2. which 1
starts with 2-amino 5-nitrpyimidine (VI). leads to the destruction
of the heterocyclic system. Accordingly. a comparison shall be Figre 1. Calculated bond lengths in 2-aminopyrimidine (11). S.S-di-
made of the starting molecules and the sulfilimine intermediates methyl-N-(2-pyrimidinyl)sulrlimine (Ill). 2-amino-S-nitropyrimidine
in reactions I and 2. (VI). and S.S-dimethyI-N-(S-nitro-2-pyrimidinyl)sufihiminc (VII). All

Values are in angstromft.
Meebeds N N

Ou ppoc is a computational one we use the ab initio ~
seif-camaistent field molecular orbital GAvsnZAN sz procedure.' For
each molecule. we first determined its optimized structure and -
then used this geomsetry to calculate the properties of interest. K .Ni
Because of the sizes oflIII and VII. we carried out the optimi-
zations at the STO3G level. which has been fobundf to be effective
for predicting gemetries. 7 However since this basis set is ktnown
to give poor results for C-NO2 and N-0 bond lengths.' we obi-0 0
tained these and the C-N-O angles by a preliminary 6-31G
optimization of VI.

Our focus in this study is upon the degrees of negative charce
and susceptibilities to electrophilic attackt of the exocycki and ring H
nitroge.s. These poperties can be analyzed very effectively by i
means of the electrostatic potentials of the molecules. The po-
tential I) that is created in the space around amolecule by its ti, M3 Ai
nuclei and electrons is given rigorously byjI

ZA 'PI)d(F '. ,

(3)

ZA is the nuclear charge of atom A. located at A, and p(P) is 'N
the electronic density function of the molecule. Negative values (

of V(1) indicate regions in which the effect of the electrons is
dominant it is to these regions, and particularly to the points of
most negative potenial (the local nim), that an approaching Ikwe 2. Calculated bond angle in the molecules listed in the caption
electropliile is initially attracted. The electrostatic potential is to Figure 1. All values are in deres
Wal-bl ed a an effective tool for interpiret and prdin
moleclarmractivebehavior."'1 An important futuireof " calculated V(P) at the STO SG level. using our optimized mo-
is that it isi real physical property. which can be determine lacular eometries5 it has been shown that satisfactory electrostatic
eaparI nunally as wall as computatlonaily.10 In this work. we hav potentials are obtained with ab mnitio SCF procedures using

minimum basis sets.9" I

(5) Cebora. M. D., juva GOmaleadom. 1110111110 i Dlaesea
I 1MiMahlq. J. g.; Frsh N; R1A~arsharl, K, De*ress D.; Shsl. Sitc'wwes. Our calculated structures are presented in Fgures

IL bm R4WIM .;4 flud. P-Sa R53f.; Polls. J. A. oAtmA ox.hM I and 2. For comparison, theexperiFmntaly determined geometry
A; Cavus-Melom Ual'enity Ptsborah PA. A ofuubtttdprminIsaoicle.' Ingeath

(7) Radom L.: Lathes. W. A.. ehra. W. J.; j bOkJ .A m ~ ond engthsand onimdnes in als ncld.2 I geermlartoe
Sr. 3973 .939. bn egh n odage nI n aeqiesmlrt

(5) Pelssm. P.; DomeesmIth. L. N.; Sjobw&g P.; Aisser. J. Chess. Phys. _______________________

Lenf. I'll2. 92. 36.
(9) Is) Ue~S..E ; Tomask J. A&di QmumnChrm. 193. 1/. 116. (b) (11) (a)ScrecoE.; Torml. J. b. Owr. Cla. M& 342.9S. (b)Oble.

Pelte. P.; luther. K. C. M he rr Cnmvptin Ckemlnr. Dab . . . Ed.; C.; Tuned. J. Ther. Cb, Acti IM73 ii. I S1. (e) Alm"of L; Sllard, A.
Vau Nam~tsu ' 'ed : NMw York, 19011; Chapter 7. C'hem. PA),. Laen. 1974. 29. 418.

(10) Pihize. P.; Traoler. . 0.. Eds. Chemical Applciesma of Arotec (12) Katitzky, A. It. Houlbook of Neteroxyct Chemisf vy; Paqamon
aad Jfoander EIretrsizIc Potrealiek Plenum New York. 1081. Press; N" York, I91S.



1433 The Journal of Physical Chemistry, Vol. 92. No. 6. 1988 Politzer et al.

I, I ~ 0.

%~~ S d. i
- - - k'~ ,

0. .

0.0'.

I --

F* Clultd lctosaicptetalinte ig lntof2 Fgre4 Clulte letosaicpoetilinte in laeofSS-i

Ca3 lcu+laed elecrsatcptta and+ n plaoctintem neatv 2-etil ar:niae.ad7hi ausae ie ttesd
neive poetil tre ininged and 4i Calclate elctotai poenia in the sing plan ore figude.

exceyclic~ ~ ~ ~ ~~~~~~~ ~ths C-god() ahdcnor orsodt eaiep- psin hrgte eycie C-Ne boffdrencesDarhedo coturs core
TAEnaa ker onour MindicaedW Magntdess or I ote Votori s p ndongtivedde po teetias eof otoe u aidcatd intde orr

kcalmol ar 4.. -. 1.-6..-I2.6 -2.1.-377. 50.. -2.8 +31. th contogursareon givens intcaptin to nigue th. the ocatin of thes
+4.3 +1.6.+314. 62.. 3 alu+68.es ocaste ionthe mosth ngatiepntil re indiaufedin theiorce are giv n a theanid
nemitive potentmais arefindictednandntheirrvalues aretgien aaveheoandefor the niguo-

systm kallmol ssoiatd tos givan tor pyrimdine some dIfrne arte fin corstoube
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minima, mxicylniumgen configrations, in contrs tohat weH hav cond forh the rngtri-

s-stem riango asitedmon a actne alo aftiSOGlvel ." In ethe later (the nrouphrsnac)
2-aminopyrimidineam WI)-25 rn itroen a in th planeto the rngy ulietanilnitselfwich th2 EenStly

-79.2) exocci niroeobss ot prnjdict to ae anramidali-NHthconformatin
S,-dmetbyl.N-(-pyrmidinyl)- -11.9 ring nitrogens on n (Ias beten found,yu andhobyhthe rslasiell hart sp-alebne

sulf57.2n aIII side awaytrom bs lents. such1 ad theec some aegreeliadble o d rdctinga-NHr
-104. ezo(cmintoge co) ndformats om Wen cithe n -N es opanearcihte. rTyigai

-7 rin nitrogen on thist acef efilas 2An Tecrn fidinor (troug eonncewi.
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-3771 oxyge alptic C-N beondlenthare bo t 1.47 ) grou inaiieowvr,

SSdlethl--(-nlro2--99.0 ring nitrogen on this isn. Tis infeenc wi") Thee ofimdings are cisttwih
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-89.0) ebeenl nitrogen The formationmofrthe sulfiimin l and VII cuearther n

-50.9, -53.0 oxygbeenridot o ubr fsliimns'al fte n

'The values give n this table are for the absolute minima in th (13) Paltair, P.; Abrabsn, L.; Sjoesrg, P. J. Am. Chbm. Soc. 1194. 106,
regis. lalessaud. Thus they will not, in general, he the .e as the 8ss. 3

. ,iIn FgRes "-. which refler only to the planes show in the (14) (a) Paley, P.; FogaredL. G. Pang P.; 111W. J, E. . Am. Omniw. Soc.

fres. 1979. 101, 2550. (b) Lane, P.. private communication.
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Figunt S. Calculated electrostatic potential in the ring plane of 2- Filgm6. Calculated electrostatic potential in the ring plane of S.S-di-
amino-S-nitropyrimidine (a) and in the perpedicular plane passing metby.N-(S-iitr-2-ptyrimidinyl)sulrihimine (a) and in the perpendicular
through the eaocvclic C-' bonds Mb. Dashed contours correspond to plane passing through the exacyclic C-N bonds (b). Dashed contours
negative potentials-. zero contour is indicated. Magnitudes for other correspond to negative potentials: zero contour is indicated. Magnitudes
contours are given in caption to Figure 3. The locations or the mosm for other contours are given in caption to Figure 3. The locations of the
negative potentials are indicated, and their values are given at the side mast negative potentials are indicated, and their values are given at the
of the figure. side of the figure.

fortunately quite different in com.position frown III and VII. mome positive. presumably reflecting the proximity of the methyl
However. the S-N distances were almost always found to be within hydrogen, but the other becomes considlerably more negative, with
the 1,63-1 .68-A range, with which our calculated values are in a minimum of -112.8 kcal/mol. This remains, therefore. a more
excellent agreement. attractive site for the initial approach of an electrophile than is

A final structural point of interest concerns the possibility of the exocyclic nitrogen.
intramolecular hydrogen bonding in the sulfilimines III and VII. However the most striking consequences of forming the sul-
The methyl hydrogens in (CHj)2S are known to be somewhat filimine. in the case of 2-aminopyrimidine. are found above and
acidic."5 and it is conceivable that one of them may form a hy- below the plane of the ring (compare Figures 3b and 4b). In
drogen bond to one of the ring nitrogens. Our calculated structures 2-aminopyrimidine (11) as in pyrimidine itself,'7 these regions are
are consistent with a weakly attractive interaction; the shortest almost entirely positive, with the only exception being due to the
separation between a methyl hydrogen and the nearest ring ni- lone pair of the -NH 2 group. (The fact that the presence of the
trogen is about 2.71 A in both III and VII. slightly less than the -NH 2, a strong resonance electron donor, does not produce a
sum of the van der Wak radii of hydrogen and nitrogen (1.20 negative ring potential in 2-aminopyrimidine is further evidence
and 1.56 A, respectively"). of a relatively low degree of conjugation.) In the sulfilimine ill,

Electrostatic Potentials. The calculated elecrostatic potentials on the other hand, there is an extensive negative electrostatic
of the four systems of present interest (1I, Ill. VI, and VII) are potential above and below the ring. This is a very significant
shown in Figures 3-6. and their mfost negative vaues (the potential development, which greatly expands the spatial regions in which
minima) are summarized in Table 1. In general, there are rel- an electrophile will undergo an attractive interaction with the
atively strong minima associated with the ring nitrogens, the molecule and should considerably increase the likelihood of the
exocyclic amino or sulfilimino nitrogens, and the oxygens of the system undergoing electrophilic attack. While such attack is mast
nitro groups. favored at the ring nitrogen having the strongest negative elec-

Looking first at 2-aminopyrimidine and its sulfilimine (II and trostatic potential, its likelihood at the exocycic nitrogen should
Ill), which are involved in reaction 1. our results confirm the basic: also be much enhanced.
premise that the formation of the latter renders the exocyclic The situation is quite different when the nitro group is present.
nitrogen more negative; its potential minimum chanjes from -79.2 in VI and VII. The potentials; associated with the amino nitrogen
kcal/mol in 11 to -104.4 in Ill. The ring nitrogens are also and with one of the ring nitrogens areaain made more negative
affected; the one closest to the -.S(CH,) 2 group is made somewhat by the formation of the sulfilimine, but the magnitudes are now

(I)(a) RcA hstsn, E. m. Sw. 19?. 3W. J. C~e. So. Oft. I558; Sand 6). The amino nitrogen potential changes from -57.2 to
A. Chew. Sot. 1911. 399l. (b) Woodward, Rt. B.; EastniasR f. 1.. Ain.C"e. Soe. t94& 68. 2229. (c) Streltivlmr, A.. Jr.; Ewftg S. P. A. Am.
Cbs.,. smc. 197S. 97, 190. (17) Almlof. . Jobasnm H., Rook, B.. Wahlgria, U. J. Sef v Sper-

(16) Bondi, A. . Phys. Chem.. 1911 68, 441. tise. Rele.. Phimom. 141173. 2. 51.
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-89.0 kcal/mol, while the ring nitrogen goes from -68.9 to -99.7 extends above and below the ring plane, unlike that of the exocycic
kcal/mol. Most significant, however, is that the sulfilimine VII nitrogen.
does not show extended negative regions above and below the ring Thus. while the most reactive site for initial electrophilic attack
(Figure 6b). This is a striking difference between the two sul- is the ring nitrogen, in Ill as well as in II, the possibility of the
filimines that are being studied and indicates that Ill should be reaction taking place at the exocyclic nitrogen is significantly
considerably more reactive toward electrophiles than is VII. greater in the sulfilimine. Indeed, as mentioned earlier, a 33%

yield of 2-nitropyrimidine (V) was obtained from sulfilimine I1.3
sum" a"i Conedsi The introduction of the -NO2 group in position 5 prevents the

The analysis that has been presented shows that the most development of extensive, relatively strong negative electrostatic
negative regions in these molecules are associated with one of the potentials above and below the pyrimidine ring (Figure 6b).
ring nitrogens and not with the exocyclic nitrogen that is to be Acordingly, there does not occur, in VII. the considerable increase
oxidized. This is true in the sulfilmine intermediates as well as in electrophilic accessibility to the exocyclic sulfilimine nitrogen
in the original aminoazines. An important new feature in the case that is found in Ill. We suggest that this is at least part of the
of sulfilimine Ill is that the exocyclic nitrogen has become much reason why oxidation of the latter nitrogen in VII is not observed.5
more accessible to electrophiles, now from both sides of the ring
plane as well as in the plane, whereas the only channel of approach Acknowledgment. We greatly appreciate very helpful dis-
in the original azine II was from one side of the ring plane cussions with Dr. Jane S. Murray and Dr. Michael D. Coburn.
(compare Figu es 3 and 4). The increase in accessibility is much We are grateful for the support of this work by the Office of Naval
greater for the exocyclic nitrogen than for the one in the ring. the Research.
latter could be approached from either side of the ring plane even RqliO" No. II. 109-12-6: Ill. 54214-58-3: VI. 3073-77-6: VII.
before formation of the sulfilimine. since its ione-pair potential 108733-91-1.



20. Abstraet (ronted)
oxidized. An important new feature in the case ot Ill 1i the development of
extensive negative potentials above and below the ring plane. which make the
exocyclie nitrogen such more accessible to electrophiles than it in in 11.
Thus the possibility of uxidation occurring at this site is significantly
greater in II than in I. The presenre of the electron-withdrawing -NO, in
"V prevents the development of extensive, relatively strong negative regions
above and below the ring; accordingly there does not occur, in V11, an anal-
ogous increase in electrophilic accessibility to the exocycllc nitrogen.

4 25-
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